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OBSERVATIONS on the THEORY of ELECTRIC ATTRAC- 
TION and REPULSION. By the Rev. GEORGE MILLER, 

f. r. C. D. 



X>EFORE that the theory of a fingle electric fluid was propofed, Readjan.5&, 
no difficulty occurred in the explanation of the attractions and re- * 

pulfions obferved to arife from electricity. If we admit that there 
are two diftinct electric fluids, each of which ftrongly attracts the 
other, but confifts of particles mutually repulfive ; it becomes eafy 
to account for the attraction fubfifting between bodies in different 
ftates of electricity, and the repulfion between thofe in the fame. 
But when Dr. Franklin*, obferving that a man, ftanding upon a 
non-conductor, could not electrify himfelf, but that he could 
electrify another perfon alfo ftanding upon a non-conductor, was 
induced to regard the operation of exciting electricity only as a 
transfer of one and the fame fluid from one body to another; it 
was found to be difficult to reconcile to the new theory the mutual 
repulfion of bodies in that ftate which is, according to this theory, 

S 2 denominated 

* Dr. Prieftlcy's Hiftory of Ekaricity, p. 161. 
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denominated negative electricity. Doctor Franklin* acknowledged 
that he could not affign a faiiifactory rcafon for it; and Doctor 
Pricftley f has propofed it, as one of the queries remaining to be 
folved for completing the fcience of electricity. Many attempts 
have been made to obviate this apparent objection to the fimple 
theory of a fingle fluid ; but the difficulty feems Hill to be as great 
as it was in the time of Franklin. 

I iEpiNUs has applied a very elaborate fyftem of mathematical 
reafoning to the folution of electrical phasnomena, and has adopted 
as the bails of his theory, the fame opinion which Franklin 
had entertained concerning the nature of the electric fluid ; 
but he has combined with this opinion other principles fo in- 
admiflible, that his reafonings cannot be regarded as juft expli- 
cations of the phasnomena. He has affumed, apparently without 
any other reafon than its importance to his conclufions, that the 
particles of all other fubftances repel each other. His fyftem muft 
therefore be confidered, not as a phyfical folution agreeable to the 
known laws of natural operations, but merely as an ingenious 
exercife of mathematical ability. 

M. De Luc, who rejected the folutions of iEpinus has endea- 
voured to fupply the deficiency. § Having remarked that the 

divergence 

* Dr. Prieftley's Hiftory of Ele&ricity, p. 165. f Ibid. p. 492. 

% Journal de Phyfique, Dec. 1787. § Journal de Phyfique, Juin 1790. 
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divergence of the balls of an electrometer, included in the receiver 
of an air-pump, is continually diminifhed during the progrefs of 
exhauftion ; Ke confiders it as proved, that the caufe of all elec- 
trical movements, whether of attraction or of repulfion, is the 
action of the air. This principle he applies in the following 
manner. When two bodies are in fimilar ftates of electricity, ei- 
ther pofitive or negative, they will confpire to modify, either by- 
giving or receiving the electric fluid, the ftate of the intermediate 
air, whilft that of the exterior air is only modified by either of 
them fingly •, and therefore the ftate of the exterior air will differ 
more from that of the electrified bodies, than the ftate of the in- 
termediate air. In this cafe he contends that a repulfion muft 
take place, becaufe each body muft move towards that part of the 
furrounding medium, whofe electrical ftate is moft different from 
its own. On the other hand, when bodies are in different ftates 
of electricity, they will mutually counteract the changes, which 
they might feparately produce in the ftate of the intermediate air ; 
but each will operate on the exterior air without any compenfation. 
In this cafe the ftate of the intermediate air will continue to differ 
from that of each body as much as at the firft inftant, whilft the 
ftate of the exterior air is feparately modified by each body accord- 
ing to its refpe&ive ftate of electricity. The two bodies therefore, 
moving towards that part of the furrounding medium, whofe elec- 
trical ftate is moft different from their own, will at the fame time 
move towards each other. 



This 
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This theory very ingenioufly avoids the difficulty of explaining 
the cafe of electrical rcpullion, by rcfolving it into an attraction 
towards the furrounding medium. It fecms however to be liable 
to two objections. In the firft place, inllead of ail\iiijing unau- 
thorized principles with the preceding theory, it omits the confide- 
ration of one whofe exiftence feems to be afcertained by experi- 
ments. If a body be in either ftate of electricity, it will induce in 
an adjacent body the contrary ftate, until it fhall have come 
within a certain diftancc. This property, which has been afcer- 
tained by various experiments, indicates a rcpulfivc force fubfi fling 
between the portions of the electric fluid that belong to the adjacent 
bodies ; and this theory makes no allowance for fuch a repulfion. 
The fundamental principle of it is merely a diffufion of the electric 
fluid, and is * thus ftated by M. De Luc : " the electric matter tends 
towards all fubftances, and the more flrongly in the fame propor- 
tion in which they poffefs a fmaller quantity." In the fecond place, 
it does not appear, when carefully confidered, to afford any affift- 
ance towards the removal of the grand difficulty, the mutual repul- 
fion of bodies negatively electrified. If two bodies negatively elec- 
trified be placed at a fmall diftance, they will both, according to 
M. De Luc's explanation, receive the electric fluid from the inter- 
mediate air, which will confequently retain a fmaller portion than 
the furrounding atmofphere. From the law above-mentioned it 
fhould follow, that the redundant fluid of the exterior air fhould by 

diffufion 

* " La loi fuivantc fuflit feule : La matiere ele&rique tend vers toutes les fub- 
" ftances, d'autant plus fortement, qu'elles en pofledent moins." Journal de Fhyfique, 
Juin 1790. 
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diffufion be communicated both to the bodies and to the inter- 
mediate fpace ; but no reafon appears, which would induce us to 
fuppofe that the bodies themfelves fhould recede to a greater 
diftance. M. De Luc does indeed endeavour to prove that fuch 
a motion fhould take place, but by an experiment whofe folution 
contradicts his own theory. He fufpended by a filk thread a large, 
but light, metallic ball, and prefentcd it in a ftate of pofitive elec- 
tricity to a body negatively electrified. The former was attracted 
towards the latter until it arrived at a certain diftance, at which 
it difcharged its electricity. Hence he concluded, in general, that 
when a body has more of the electric fluid than the neighbouring 
bodies, and is lefs difpofed to refift its own motion than to abandon 
the excefs of its electric matter, it will move towards that place 
which contains lefs of this matter. But in this experiment he con- 
fiders the two bodies as acting on each other at a diftance without 
any reference to the intermediate air. 

Mr. Cavallo*, in the laft edition of his treatife on electricity, 
has obferved, that the mutual repulfion of two bodies negatively 
electrified is ftill fuppofed to contradict the theory of Franklin ; 
and has therefore deemed it neceflary to obviate the objection by 
a very particular detail. For this purpofe he has premifed the 
following proportions. Prop. j. No electricity can appear on the 
furface of a body, or no body can be electrified either pofitively or 

negatively, 

* Vol. III. p. 192. 
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negatively, unlefs the contrary electricity can take place on other 
bodies contiguous to it. Prop. 2. There is fomething on the fur- 
face of bodies, which prevents the fudden incorporation of the two 
electricities, viz. of that pofleffed by the electrified body with 
the contrary electricity poffeffed by the contiguous air, or other 
furrounding bodies. Prop. 3. Suppofing that every particle of a 
fluid has an attraction towards every particle of a folid ; if the 
folid be left at liberty in a certain quantity of that fluid, it will be 
attracted towards the common centre of attraction of all the par- 
ticles of the fluid. To this laft proportion he has fubjoined the 
two following corollaries: 1.* the fame thing muft happen, when 
the quantity of fluid is fmaller than the bulk of the body ; 2. if the 
attraction of the particles of the fluid be exerted only towards the 
furface of the folid, the effect will be the fame when the body is 
of a regular fhape •, but the difference will in any cafe be inconft- 
derable. 

With regard to the folution founded upon thefe principles it 
muft be remarked, that it is not derived fimply from a confidera- 
tion of the fuppofed nature of the electric fluid ; but from a mixed 
ftatement of that nature and of properties affumed merely from 
experiments as matters of fact. The firft and fecond propofitions 
exprefs thofe properties, and, though the experiments to which 
the former refers, may be explained by afcribing the phasnomena 
to the repulfive nature of the fluid, yet the latter is affumed 

" without 

* Of this corollary Mr, Cavallo docs not appear to make any diftinct application. 
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without any fuch reference. " Without examining," fays Mr. Cavallo, 
" the nature, the extent, and the laws of this property in bodies, 
*' it will be fufficient for the prefent purpofe to obferve, that the 
" fad is certainly fo ; for otherwife a body could not poffibly be 
" electrified, or it would not remain electrified for a fingle moment." 
From thefe principles thus aflumed, Mr. Cavallo deduces the exift- 
ence of atmofpheres of contrary electricity exifting in the air conti- 
guous to the bodies ; and from the attractions which are thereby 
occasioned he infers the apparent repulfion of the electrified 
bodies. 

If thefe atmofpheres be conceived to be formed by the repulfive 
nature of the fluid, fome allowance Should be made for the mutual 
repulfion of the two redundant portions belonging to bodies posi- 
tively electrified. This however feems to be negleded for the 
purpofe of explaining the repulfion of bodies negatively electrified. 
But the difficulty feems to be only changed. If the negative at- 
mofphere adjacent to a body pofitively electrified be caufed by the 
repulfion of the redundant fluid of the body, it will be neceiTary 
to ihew that this repulfion is overpowered by the attraction fubfift- 
ing between that redundant fluid and the portion of air thus de- 
prived of a part of its electric fluid. 

But the reality of thefe atmofpheres of contrary electricity may 
well be queftioned. It feems to require, that we fhould conceive 
a* portion of air contiguous to each body to be permanently, during 

Vol. VII. T the 
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the mutual repulfion of the bodies, in a ftate of electrieity oppofite 
to that of the bodies. But * it is afcertained experimentally, that the 
air furrounding any electrified body acquires the fame electricity 
which had been poffefTed by the body, and retains it even after 
the removal of the body. This muft be fuppofed, agreeably to 
the known laws of electricity, to be communicated by the alter- 
nate attraction and repulfion of the adjacent particles of air. 
Each particle muft be firft attracted towards the body, and, 
when by contact it has acquired the electricity of the body, re- 
pelled from it. Inftead therefore of a permanent ftate of contrary 
electricity conflituting thefe fuppofed atmofpheres, each adjacent 
fpace muft be occupied by particles, fome of which are attracted 
and others repelled. The time requifite for thus reducing the 
electricity of the body to an equilibrium with that of the fur- 
rounding air* is fuflieient for explaining the continuance of the 
electricity of the bodies, without the aid of the fecond proportion ; 
and the firft propofition is deduced only from a confideration of 
bodies in a folid ftate. 

Possibly a more diftinct application of a principle, already in 
fome degree adopted both by Doctor Prieftley and Mr. Cavallo, 
may remove all the difficulties of this inquiry. At leaft I will 
hope, that k may lead to fuch a confideration of the queftion, as 
may fubject the merits of the theory kfeif to a fair and decifive 

difcufiion. 

* Cavallo's Complete Treatife on Electricity, Vol. I. p. 32<S. 
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difcuflion. This principle is faturation. * Doctor Prieftley has ex- 
plained the communication of the redundant fluid of a body posi- 
tively electrified to another, a part of whofe fluid had been previ- 
oufly expelled, by fuppofing that it was more ftrongly attracted by 
the other body, than by its own which had more than its natural 
fhare j and f Mr. Cavallo has in the fame manner accounted for 
the mutual attraction of bodies in different ftates of electricity. 

I applying this principle to the foliation of electric pheno- 
mena three forces muft be confidered : lit, the attraction fubfift- 
ing between each body and its own portion of the electric fluid ; 
2dly, the attraction which may fubfift between each body and the 
portion of fluid belonging to the other ; and 3dly, the repulfion 
fubfifting between the two portions of the electric fluid. 

That the attraction fubfifting between two bodies in oppofite 
ftates of electricity may be explained, it is neceflary to confider 
previoufly the cafe of two bodies in their natural or ordinary ftate. 
In this cafe the force fubfifting between each body and its own 
portion of the electric fluid is not in a ftate of faturation, becaufe 
it muft be fufliciently ftrong to counterbalance die elafticity of 
the fluid. Each body is therefore ftill capable of being attracted 
by the fluid belonging to the other, and each portion of the fluid 
is alfo capable of fuch attraction This force, if it fhould operate 

T 2 alone, 

* Hiftory of Electricity, p. 253. f Vol. I. p. 109. 



[ MS ] 

alone, would draw the bodies together j but the mutual repulfion 
of the two portions of the fluid tends to produce the oppofite 
effect. The quiefcence of the bodies proves the equality of thefe 
forces. 

If two bodies in oppofite ftates of electricity be brought together,, 
the body pofitively electrified cannot be attracted towards the 
remaining eledlric fluid belonging to the other, becaufe this body 
may be considered as faturated with the fluid, and that portion of 
the fluid as faturated with fol id matter. For the oppofite reafons 
an attraction will take place between the body negatively electrified 
and the fluid belonging to the former. It remains to be fliewn, 
that this attractive force may exceed >he mutual repulfion of the 
two portions- of fluid. It mufl be obferved, that the repulfion re- 
mains the fame, becaufe the fum of the two quantities of fluid is not 
altered •, whereas the attraction is augmented by the unequal dis- 
tribution of the fluid. The one body is charged with more fluid 
than that which its own attracting force is capable of retaining, 
and the redundant fluid will confequently be ftrongly impelled 
towards the other body, whofe attractive power is at the fame 
time increafed by the deficiency of its own portion of fluicL 

In the cafe of two bodies fimilarly electrified the bodies may 
be either both pofitively, or both negatively electrified. When 
they are both pofitively electrified, they are both faturated with, 
the eleflric fluid ; and when they are both negatively electrified, 

both 
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both remaining portions of the electric fluid are reciprocally faturated 
with folid matter. In neither cafe therefore can any attraction take 
place between either body and the fluid belonging to the other. 
Confequently, the repulfion exifting between the two portions of 
the fluid rauft operate without, refiftance, and the two bodies be 
repelled from each other. 

Should this folution of electric attraction and repulfion Be ad- 
mitted, it will perhaps alfo remove the difficulty of magnetic re- 
pulfion* In this part of philofophy it has been found difficult to 
explain the repulfion of the correfponding poles agreeably to the 
theory of a magnetic fluid. In every magnetical body the equilibrium 
of this fluid is fuppofed to be difturbed, and one part of the body 
is conceived to be overcharged with the fluid, whilft the other is 
undercharged. The difficulty was to explain the repulfion of the 
undercharged poles, as in electricity to explain the repulfion of 
bodies negatively electrified. Mr. Kirwan has indeed, in a Me- 
moir contained in the Sixth Volume of the Tranfactions of the 
Academy, referred the phaenomena of magnetifm to cryftallization ; 
but his mention of the term faturated in that Memoir feems to 
imply, that he does not mean to exclude the fuppofition of a mag- 
netic fluid. If this be adopted^ the preceding folution may be ap- 
plied to the phenomena of magnetifm, in the fame manner in 
which it has been already applied to thofe of electricity. 

The theory, according to which the preceding folution has been 
propofed, fuppofes the electric fluid nftngk fluid ; but it is not ne^ 

cefTary 
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cefTary that it fhould be conceived to be abfolutely^fw^r. We 
know, for inftance, that atmofpheric air is a combination of at 
leaft two diftincl fluids ; and yet explain the phenomena of the 
barometer, air-pump, and condenfer, as depending merely on 
its prefence or abfence, without any reference to the compofition 
of its nature. In the fame manner fome eledbric phenomena may 
be juftly explained by confidering them as the effects of the diffe- 
rent diftribution of the fame fluid ; whilft its phofphoric fmell, its 
power of changing blue vegetable colours to red, and its combuftion 
may poflibly be derived from its decomposition. 



